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Description 

This  invention  relates  to  integrated  circuits  and, 
more  specifically,  to  an  optical  semiconductor  device 
having,  integrally  formed  therein,  a  photo  diode  and  a 
bipolar  transistor. 

A  conventional  optical  semiconductor  device  is  dis- 
closed  in,  for  example,  JP-A  1-205564.  With  reference 
to  Fig.  1  1  ,  P-type  semiconductor  substrate  1  has  epitax- 
ially  grown  thereon  a  P-type  epitaxial  layer  2.  An  N-type 
epitaxial  layer  3  is  epitaxially  grown  on  P-type  epitaxial 
layer  2.  A  plurality  of  P+-type  separating  areas  4  sepa- 
rate  N-type  epitaxial  layer  3,  and  contiguous  upper  por- 
tions  of  P-type  epitaxial  layer  2  into  isolated  islands.  A 
first  island  forms  a  photo  diode  9.  A  second  island  forms 
an  NPN  transistor  10. 

Photo  diode  9  includes  an  N+-type  diffusion  area  5 
in  its  upper  surface.  An  N+-type  buried  layer  6  spans  a 
substantial  part  of  the  interface  between  epitaxial  layers 
2  and  3  in  the  island  forming  NPN  transistor  1  0.  The  por- 
tion  of  N-type  epitaxial  layer  3  in  NPN  transistor  1  0  func- 
tions  as  the  collector  thereof.  A  P-type  base  area  7  is 
disposed  in  an  upper  surface  of  NPN  transistor  10.  An 
N+-type  emitter  area  8  is  disposed  in  an  upper  surface 
of  P-type  base  area  7.  An  N+-type  collector  contact  area 
1  2  is  disposed  in  an  upper  surface  of  NPN  transistor  1  0 
outside  P-type  base  area  7. 

Photo  diode  9  is  biased  to  form  a  PN  junction  be- 
tween  P-type  epitaxial  layer  2  and  N-type  epitaxial  layer 
3.  N+-type  diffusion  area  5  serves  as  a  cathode  of  photo 
diode  9.  P+-type  separating  area  4  serves  as  an  anode 
of  photo  diode  9. 

An  accelerating  electric  field  is  formed  in  NPN  tran- 
sistor  10  by  an  auto-doped  layer  11  in  P-type  epitaxial 
layer  2  which  becomes  autodoped  by  diffusion  of  P-type 
carriers  from  substrate  1  during  epitaxial  growth  and 
heat  treatment.  Auto-doped  layer  11  retards  the  move- 
ment  of  carriers  originating  below  the  depletion  region. 

To  obtain  a  high  speed  response  of  photo  diode  9, 
the  depletion  region  is  widened  to  restrain  the  move- 
ment  of  carriers  occurring  outside  the  depletion  region. 
In  the  structure  of  the  prior-art  device  in  Fig.  11,  auto- 
doped  layer  11  overlaps  P-type  epitaxial  layer  2.  This 
overlap  results  in  an  increased  concentration  of  impuri- 
ties  and  an  enlargement  of  the  depletion  region. 

Epitaxial  growth  requires  processing  in  a  closed 
vessel  into  which  gasses  are  fed  to  grow  the  desired 
layers,  and  to  introduce  the  desired  amount  of  impuri- 
ties.  During  growth  of  P-type  epitaxial  layer  2,  the  closed 
vessel  becomes  contaminated  with  the  P-type  impuri- 
ties.  If  an  attempt  is  made  to  grow  N-type  epitaxial  layer 
3  in  the  same  closed  vessel  used  to  grow  P-type  epitax- 
ial  layer  2,  the  P-type  contaminants  in  the  vessel  enter 
N-type  epitaxial  layer  3  in  such  amounts  that  it  is  difficult 
or  impossible  to  attain  the  desired  properties  in  N-type 
epitaxial  layer  3. 

As  a  consequence  of  the  contamination  of  the  ves- 
sel  by  P-type  impurities  during  epitaxial  growth  of  P-type 

epitaxial  layer  2,  the  device  must  be  removed  physically 
from  the  vessel  after  P-type  epitaxial  layer  2  is  formed, 
and  placed  in  a  clean  vessel  for  growth  of  N-type  epi- 
taxial  layer  3.  The  requirement  for  removing  and  rein- 

5  stalling  the  workpiece  during  processing  interferes  with 
production  since  the  same  epitaxial  growing  device  can- 
not  be  used  for  all  steps  to  produce  the  prior  art  device. 

An  optical  semiconductor  device  according  to  the 
preamble  of  claim  1  is  disclosed  in  JP-A-5660054. 

10  EP-A-0  501  31  6,  which  is  a  document  under  Article 
54  (3)  EPC,  discloses  a  first  epitaxial  layer  of  high  re- 
sistivity  and  a  second  epitaxial  layer  of  comparatively 
low  resistivity,  wherein  the  layers  have  different  conduc- 
tivity  types.  Furthermore,  an  offset  layer  is  provided  in 

is  the  substrate  to  offset  the  impurities  of  the  substrate  in 
this  region. 

Accordingly,  it  is  an  object  of  the  present  invention 
to  provide  an  integrated  photo  diode  and  a  transistor 
which  overcomes  the  drawbacks  of  the  prior  art. 

20  It  is  a  further  object  of  the  invention  to  provide  an 
integrated  photo  diode  and  a  transistor  in  which  epitaxial 
layers  can  be  formed  in  the  same  vessel  without  requir- 
ing  removal  between  the  growing  of  layers. 

It  is  a  still  further  object  of  the  invention  to  provide 
25  an  integrated  circuit  having  a  photo  diode  and  a  transis- 

tor  in  which  the  photo  diode  cathode  and  the  transistor 
emitter  are  formed  of  the  same  material  in  the  same 
process  steps. 

It  is  another  object  of  the  invention  to  provide  an 
30  integrated  circuit  having  a  photo  diode  and  a  transistor 

in  which  the  activation  of  the  photo  diode  is  speeded  up 
by  the  presence  of  a  depletion  layer. 

These  objects  are  achieved  by  an  optical  semicon- 
ductor  device  as  defined  in  claims  1  and  3,  respectively; 

35  claim  2  is  related  to  a  further  development  of  the  inven- 
tion. 

The  above,  and  other  objects,  features  and  advan- 
tages  of  the  present  invention  will  become  apparent 
from  the  following  description  read  in  conjunction  with 

40  the  accompanying  drawings,  in  which  like  reference  nu- 
merals  designate  the  same  elements. 

Fig.  1  is  a  cross  section  of  an  optical  semiconductor 
device  useful  for  understanding  the  present  invention. 

Figs.  2(A),  2(B),  3(A),  3(B),  4,  5,  6,  7,  8,  9  are  cross 
45  sections  to  which  reference  will  be  made  in  describing 

the  steps  of  the  process  for  producing  the  optical  sem- 
iconductor  device  of  Fig.  1  . 

Fig.  1  0  is  a  cross  section  of  an  optical  semiconduc- 
tor  according  to  an  embodiment  of  the  present  invention. 

so  Fig.  1  1  is  a  cross  section  of  an  optical  semiconduc- 
tor  device  according  to  the  prior  art. 

Referring  to  Fig.  1,  a  photo  diode  21  and  an  NPN 
transistor  22  are  integrated  into  a  single  device.  A  P- 
type  single  crystal  silicon  semiconductor  substrate  23 

55  has  a  lower  concentration  of  impurities  than  is  normally 
used  in  an  ordinal  bipolar  integrated  circuit,  hereinafter 
IC,  resulting  in  a  resistivity  of  40  to  60  ohm.  cm.  A  con- 
ventional  IC  has  a  resistivity  of  about  2-4  ohm.  cm  in  its 

2 
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semiconductor  substrate.  A  first  epitaxial  layer  24  is  epi- 
taxially  grown  by  vapor  deposition  on  substrate  23  to  a 
thickness  of  15-20  microns. 

A  second  epitaxial  layer  25  is  also  grown  by  vapor 
deposition  on  first  epitaxial  layer  24  to  a  thickness  of  4-6 
microns. 

The  resistivity  of  first  epitaxial  layer  24  is  initially 
from  1000  to  1500  ohm.  cm  at  the  time  of  growth,  but 
changes  to  200  to  1  500  ohm.  cm.  due  to  diffusion  of  im- 
purities  thereinto  during  subsequent  heat  treatment. 
First  epitaxial  layer  24  forms  a  central  diffusion  area. 
The  resistivity  of  this  layer  in  a  conventional  IC  is  1  .0-2.0 
ohm.  cm. 

Portions  of  first  and  second  epitaxial  layers  24  and 
25  are  electrically  isolated  from  each  other  by  a  vertical 
P+-type  separating  area  26  into  a  section  for  photo  diode 
21  and  a  section  for  NPN  transistor  22.  P+-type  sepa- 
rating  area  26  is  formed  of  a  first  separating  area  27,  a 
second  separating  area  28  and  a  third  separating  area 
29,  overlapping  each  other,  and  thereby  being  electri- 
cally  connected  together  (only  the  left-most  separating 
area  26  is  shown  with  areas  27,  28  and  29  separately 
identified).  First  separating  area  27  is  diffused  above 
and  below  the  interface  between  substrate  23  and  first 
epitaxial  layer  24.  Second  separating  area  28  is  diffused 
above  and  below  the  interface  between  first  epitaxial 
layer  24  and  second  epitaxial  layer  25.  Third  separating 
area  29  is  diffused  downward  from  a  surface  of  second 
epitaxial  layer  25.  Separating  areas  27,  28  and  29  over- 
lap  to  become  joined  into  single  separating  area  26  that 
divides  epitaxial  layers  24  and  25  into  isolated  island 
areas. 

An  N+-type  diffusion  area  31  ,  which  acts  as  cathode 
of  photo  diode  21  ,  is  formed  on  a  portion  of  the  surface 
of  second  epitaxial  layer  25  of  photo  diode  21  .  The  sur- 
face  of  second  epitaxial  layer  25  is  covered  by  an  oxi- 
dized  membrane  32  which  is  etched  to  produce  a  plu- 
rality  of  contact  holes,  through  which  an  aluminum  cath- 
ode  contact  33  contacts  N+-type  diffusion  area  31  .  An 
aluminum  anode  contact  34  extends  through  a  contact 
hole  in  oxidized  membrane  32  to  contact  the  upper  sur- 
face  of  separating  area  26  which  serves  as  a  low-resis- 
tivity  anode  for  photo  diode  21  . 

An  N+-type  buried  layer  35  spans  a  substantial  part 
of  the  interface  between  first  and  second  epitaxial  layers 
24  and  25  of  NPN  transistor  22.  An  N-type  collector  layer 
36  above  N+-type  buried  layer  35  is  doped  with  phos- 
phorus.  N-type  collector  layer  36  has  a  resistivity  greater 
than  the  portion  of  second  epitaxial  layer  25  in  which  it 
is  formed.  A  P-type  base  area  37  is  formed  in  the  surface 
of  NPN  transistor  22.  An  N+-type  emitter  area  38  is 
formed  in  the  surface  of  P-type  base  area  37.  An  N+- 
type  collector  contact  area  39  of  NPN  transistor  22  is 
formed  on  the  surface  of  NPN  transistor  22  outside  base 
area  36. 

An  aluminum  emitter  contact  40  passes  through  ox- 
idized  membrane  32  to  contact  N+-type  emitter  area  38. 
An  aluminum  base  contact  40'  passes  through  oxidized 

membrane  32  to  contact  base  area  37.  An  aluminum 
collector  contact  40"  passes  through  oxidized  mem- 
brane  32  to  contact  N+-type  collector  contact  area  39. 
Aluminum  electrodes  31,  34,  40,  40',  and  40"  are  con- 

5  nected  into  a  circuit  (not  shown)  by  conventional  alumi- 
num  wiring  (not  shown). 

The  resulting  device  includes  photo  diode  21  capa- 
ble  of  functioning  as  an  optical  signal  input  unit  integrat- 
ed  with  NPN  transistor  22  which,  together  with  the  other 

10  circuit  elements,  can  be  used  as  part  of  a  signal  process- 
ing  circuit. 

An  IC  having  the  foregoing  structure  can  be  pro- 
duced  by  the  following  process: 

Referring  to  Fig.  2(A),  P-type  silicon  semiconductor 
is  substrate  23  is  doped  to  a  resistivity  of  40  to  60  ohm.  cm. 

Referring  to  Fig.  2(B),  P-type  silicon  semiconductor 
substrate  23  is  heated  in  an  oxygen  atmosphere  to  de- 
velop  an  insulating  oxide  membrane  on  its  upper  sur- 
face.  The  oxide  membrane  is  coated  with  a  negative 

20  photo  resist  membrane.  The  photo  resist  membrane  is 
baked,  exposed  and  chemically  etched  to  expose  a  cor- 
responding  pattern  in  the  upper  surface  of  substrate  23. 
Boron  is  ion-implanted  through  the  pattern  to  form  three 
spaced-apart  first  separating  areas  27. 

25  Referring  now  to  Fig.  3(A),  the  oxide  membrane  is 
removed,  and  substrate  23  is  washed.  Substrate  23  is 
then  placed  in  an  epitaxial  growing  device  (not  shown) 
and  heated  by  a  lamp  or  a  high  frequency  electromag- 
netic  wave  to  a  temperature  of  approximately  1  ,140°C. 

30  SiH2CI2  gas  is  introduced  into  a  reaction  tube,  thus 
growing  first  epitaxial  layer  24  of  intrinsic  material  to  a 
thickness  of  1  5-20  microns.  A  small  amount  of  autodop- 
ing  of  first  epitaxial  layer  24  takes  place  during  growth 
by  diffusion  of  boron  P-type  impurities  from  substrate 

35  23,  first  separating  area  27,  and  the  rear  side  of  wafer 
to  yield  a  first  epitaxial  layer  24  having  a  relatively  high 
resistivity  of  200-1500  ohm.  cm. 

Referring  to  Fig.  3(B),  the  substrate  is  heated  in  an 
oxygen  atmosphere  to  produce  an  insulating  oxide 

40  membrane.  The  oxide  membrane  is  coated  with  a  neg- 
ative  photo  resist  membrane.  The  photo  resist  mem- 
brane  is  baked,  exposed  and  chemically  etched  to  ex- 
pose  a  corresponding  pattern  in  the  upper  surface  of  first 
epitaxial  layer  24  to  diffuse  a  portion  of  the  antimony  into 

45  the  surface  of  first  epitaxial  layer  24  to  produce  a  pre- 
cursor  of  N+-type  buried  layer  35.  At  this  time,  first  sep- 
arating  area  27  is  also  diffused  upward  and  downward. 

Referring  to  Fig.  4,  a  further  resist  membrane  is 
coated  over  oxide  membrane,  dried,  exposed  and 

so  etched  to  produce  a  selective  mask,  thereby  exposing 
portions  of  the  surface  of  first  epitaxial  layer  24. 
Boron  is  ion-implanted  to  form  a  precursor  of  three  sec- 
ond  separating  areas  28  of  separating  area  26.  The  re- 
sist  membrane  is  removed,  and  the  device  is  heat  treat- 

55  ed  to  diffuse  second  separating  areas  28  from  6  to  8 
microns  downward  and  to  diffuse  first  separating  area 
27  from  8  to  1  0  microns  upward  until  they  overlap  to  be- 
come  a  single  entity. 

3 
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Referring  to  Fig.  5,  oxide  layer  is  removed,  and  sec- 
ond  epitaxial  layer  25  is  epitaxially  grown  to  a  thickness 
of  4  to  6  urn  (microns)  atop  the  surface  of  first  epitaxial 
layer  24.  During  this  process  step,  second  separating 
areas  28,  and  N+-type  buried  layer  35  diffuse  upward 
partway  into  newly-applied  second  epitaxial  layer  25. 

Referring  to  Fig.  6,  the  device  is  heated  in  an  oxy- 
gen  containing  atmosphere  to  produce  a  further  oxide 
membrane  on  the  surface  of  second  epitaxial  layer  25. 
The  oxide  membrane  is  coated  with  a  negative  photo 
resist  membrane.  The  photo  resist  membrane  is  baked, 
exposed  and  chemically  etched  to  expose  a  corre- 
sponding  pattern  in  the  upper  surface  of  second  epitax- 
ial  layer  25.  Phosphorus  is  ion-implanted  through  the  re- 
sist  pattern  to  a  concentration  of  1012  atoms  per  cm2  at 
about  80  KeV  to  form  a  precursor  of  N-type  collector  lay- 
er  36. 

Referring  to  Fig.  7,  the  device  is  heat  treated  at 
about  1  1  00-1  200°  C  for  2  to  3  hours  to  diffuse  the  phos- 
phorus  forming  N-type  collector  layer  36  about  3  to  5 
microns  downward  and  N+-type  buried  layer  35  diffuses 
upward  until  these  two  layer  are  joined.  First  separating 
area  27  and  second  separating  area  28  are  also  diffused 
upward  and  downward  during  this  heat  treatment. 

Referring  to  Fig.  8,  the  device  is  heated  in  an  oxy- 
gen  atmosphere  to  produce  an  insulating  oxide  mem- 
brane,  thus  coated  with  a  negative  photo  resist  mem- 
brane.  The  photo  resist  membrane  is  baked,  exposed 
and  chemically  etched  to  expose  a  corresponding  pat- 
tern  in  the  upper  surface  of  second  epitaxial  layer  25. 
Boron  is  ion-implanted  through  the  pattern  to  form  pre- 
cursors  of  third  separating  areas  29.  Further  heat  treat- 
ment  diffuses  the  boron  downward  to  a  thickness  of  2-3 
microns  to  form  third  separating  areas  29,  and  also  dif- 
fuses  second  separating  areas  28  upward  until  these 
areas  join.  At  this  point,  the  three  separating  areas  27, 
28  and  29  overlap  to  form  single  separating  areas  26 
that  divide  epitaxial  layers  24  and  25  into  isolated  island 
areas. 

Referring  to  Fig.  9,  a  resist  pattern  is  processed  to 
form  a  mask  for  the  implantation  of  boron  to  produce  P- 
type  base  area  37.  Next,  phosphorus  diffuses  to  pro- 
duce  N+-type  diffusion  area  31  ,  N+-type  emitter  area  38 
and  N+-type  collector  contact  area  39  in  the  surface  of 
the  device. 

Returning  now  to  Fig.  1,  aluminum  electrodes  33, 
34,  40,  40',  and  40"  pass  through  openings  in  oxidized 
membrane  32  to  provide  external  contact  to  N+-type  dif- 
fusion  area  31,  the  center  P+type  separating  area  26, 
N+-type  emitter  area  38,  P-type  base  area  37  and  N+- 
type  collector  contact  area  39,  respectively. 

Photo  diode  21  of  the  IC  having  the  foregoing  struc- 
ture  has  the  following  features: 

Cathode  contact  33  and  anode  contact  34  are  re- 
verse  biased  at  Vcc  (+5V)  and  GND,  respectively.  This 
bias  produces  a  depletion  layer  extending  from  the  in- 
terface  between  P-type  second  epitaxial  layer  25  and 
N+-type  diffusion  area  31  into  epitaxial  layers  24  and  25. 

Epitaxial  layers  24  and  25  have  high  resistivity. 
A  light  with  a  frequency  of  800  nm  passes  into  photo 

diode  21  to  a  depth  of  more  than  20  urn  (microns).  The 
light  generates  carriers  inside  photo  diode  21  to  produce 

5  a  photocurrent  therein. 
The  carriers  are  generated  inside  the  depletion  lay- 

er  and  a  corresponding  number  of  carriers  are  generat- 
ed  outside  depletion  layer.  The  carriers  inside  the  de- 
pletion  layer  move  very  quickly  because  of  the  low  re- 

10  sistivity  in  this  region.  The  carriers  outside  the  depletion 
layer  move  slowly  because  of  the  higher  resistivity  in  this 
region. 

In  this  invention,  since  the  depletion  layer  extends 
almost  completely  through  both  epitaxial  layers  24  and 

is  25,  almost  all  of  the  carriers  are  generated  within  the 
depletion  layer  so  that  the  response  of  photo  diode  21 
is  very  fast. 

Moreover,  N+-type  diffusion  area  31,  forming  the 
cathode  of  photo  diode  21  ,  is  very  thin,  being  limited  in 

20  depth  to  from  about  0.3  to  1  .0  urn  (microns).  Such  a  thin 
emitter  is  not  capable  of  generating  a  large  number  of 
carriers.  Because  of  the  high  concentration  of  impurities 
in  first  and  second  epitaxial  layers  24  and  25,  the  carri- 
ers  generated  therein  disappear  quickly  or  move  rapidly 

25  into  N+-type  diffusion  area  31.  As  a  result,  little  delay 
current  is  produced  by  carrier  diffusion. 

The  deep  diffusion  area  formed  by  the  center  P+- 
type  separating  area  26  provides  a  very  low-resistance 
anode  electrode. 

30  NPN  transistor  22  of  the  IC  having  the  foregoing 
structure  has  the  following  features: 

The  concentration  of  impurities  in  N-type  collector 
layer  36  of  second  epitaxial  layer  25  is  suitable  to  pro- 
vide  transistor  action. 

35  The  heat  treated  period  required  to  diffuse  N-type 
collector  area  36  downward  into  contact  with  N+-type 
buried  layer  35  is  limited  because  of  the  two  epitaxial 
layers.  Only  a  portion  of  second  epitaxial  layer  25  must 
be  converted  to  an  N-type  area. 

40  Epitaxial  layers  24  and  25  are  very  lightly  P-doped, 
whereby  they  have  relatively  high  resistivity.  The  P  dop- 
ing  of  epitaxial  layers  24  and  25  is  so  light  that  a  process- 
ing  vessel  can  be  used  for  subsequent  N-type  epitaxial 
growth  without  pollution  of  the  vessel  by  the  P-type  im- 

45  purities  of  epitaxial  layers  24  and  25.  Also,  the  light  P 
doping  permits  easy  control  of  resistivity. 

The  prior  art  device  of  Fig.  11  has  the  problem  that 
boron  diffuses  upward  during  heat  treatment  from  the 
heavily  P-doped  substrate  1  to  the  epitaxial  layer  2 

so  above  it,  so  as  to  produce  auto-doped  layer  11  .  Auto- 
doped  layer  11  prevents  the  extension  of  depletion  layer 
to  substrate  1  . 

Referring  again  to  Fig.  1  ,  the  low  P  doping  of  sub- 
strate  23,  to  about  40  to  60  ohm.  cm,  and  the  even  lower 

55  doping  of  first  epitaxial  layer  24,  to  about  1000  to  1500 
ohm.  cm  (with  a  final  resistivity  of  200  to  1500  ohm.  cm) 
decreases  the  problem  of  an  autodoped  layer  extending 
into  first  epitaxial  layer  24.  The  very  low  P  doping  of  sub- 

4 
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strate  23,  and  the  relatively  low  P  doping  of  first  epitaxial 
layer  reduces  the  autodoping  layer  and  permits  the  de- 
pletion  layer  to  extend  substantially  the  entire  distance 
to  the  surface  of  substrate  23. 

The  high  resistivity  of  substrate  23  and  the  de- 
crease  in  the  auto-doped  layer  would  cause  the  resist- 
ance  at  anode  contact  34  to  increase  if  the  design  of  the 
prior  art  in  Fig.  11  were  used.  However,  in  the  embodi- 
ment  of  the  present  invention  in  Fig.  1,  the  increase  in 
resistance  at  anode  contact  34  is  prevented  by  extend- 
ing  P+-type  separating  area  26  all  the  way  down  into 
substrate  23. 

Referring  now  to  Fig.  1  0,  an  embodiment  of  the  in- 
vention  includes  an  offsetting  layer  41  of  N-type  impuri- 
ties  ion-implanted  into  the  surface  of  substrate  23  of 
photo  diode  21  to  offset  the  concentration  of  impurities 
in  the  surface  of  substrate  23.  Offsetting  layer  41  permits 
the  depletion  layer  to  extend  all  the  way  to  the  surface 
of  substrate  23.  The  N-type  impurities  forming  offsetting 
layer  41  may  be  ion-implanted  into  substrate  23  only  be- 
low  the  island  forming  photo  diode  21.  However,  for 
processing  simplicity,  it  is  acceptable  for  the  N-type  im- 
purities  to  be  implanted  over  the  entire  surface  of  sub- 
strate  23,  including  below  islands  for  both  photo  diode 
21  and  NPN  transistor  22.  The  diffusion  of  N-type  impu- 
rities  does  not  exceed  the  depth  to  which  first  separating 
area  27  extends.  Thus,  the  inclusion  of  offsetting  layer 
41  does  not  increase  the  resistance  at  anode  electrode 
34. 

Phosphorus  is  ion-implanted  to  a  concentration  of 
1  to  5  x  1011  atoms  per  cm2  to  form  the  precursor  of 
offsetting  layer  41.  After  implantation,  the  phosphorus 
is  diffused  by  heat  treatment  to  yield  a  resistivity  varying 
from  40-60  ohm.  cm  to  more  than  200  ohm.  cm.  Offset- 
ting  layer  41  is  diffused  to  a  depth  of  2-1  0  microns.  First 
separating  area  27  extends  downward  to  a  depth  of  7 
to  15  microns  in  substrate  23.  Separating  area  27  ex- 
tends  below  offsetting  layer  41,  and  thus  blocks  side- 
ways  migration  of  carriers  from  offsetting  layer  41  .  The 
N-type  impurities  in  offsetting  layer  41  diffuse  upward 
into  the  neighboring  region  of  first  epitaxial  layer  24 
where  they  offset  P-type  carriers  auto-doped  upward  in- 
to  first  epitaxial  layer  24  from  substrate  23. 

Claims 

1  .  An  optical  semiconductor  device  having  a  photo  di- 
ode  (21)  and  a  transistor  (22)  comprising: 

a  semiconductor  substrate  (23)  of  a  first  con- 
ductivity  type; 
a  first  epitaxial  layer  (24)  of  intrinsic  semicon- 
ductor  material  grown  on  a  surface  of  said  sem- 
iconductor  substrate  (23); 
a  second  epitaxial  layer  (25)  of  intrinsic  semi- 
conductor  material  grown  on  the  surface  of  said 
first  epitaxial  layer  (24); 

a  separating  area  (26)  of  said  first  conductivity 
type  dividing  said  first  and  second  epitaxial  lay- 
ers  into  at  least  first  and  second  island  areas; 
a  diffusion  area  (31  )  in  the  surface  of  said  sec- 

5  ond  epitaxial  layer  (25)  of  said  first  island  area; 
a  buried  layer  (35)  of  said  second  conductivity 
type  at  the  interface  between  said  first  and  sec- 
ond  epitaxial  layers  in  said  second  island  area; 
a  collector  layer  (36)  of  said  second  conductiv- 

10  ity  type  in  said  second  island  area  extending 
from  the  surface  of  said  second  epitaxial  layer 
to  said  buried  layer  (35); 
a  base  area  (37)  of  said  first  conductivity  type 
in  the  surface  of  said  collector  layer  in  said  sec- 

15  ond  island  area; 
and  an  emitter  area  (38)  of  said  second  con- 
ductivity  type  in  the  surface  of  said  base  area; 

characterized  in  that 
20 

said  semiconductor  substrate  (23)  has  a  resis- 
tivity  of  40  to  60  ohm  •  cm; 
said  first  and  second  epitaxial  layers  (24,25) 
have  resistivities  of  more  than  200  ohm  •  cm; 

25  said  collector  layer  (36)  has  a  resistivity  of  less 
than  both  said  resistivities  of  said  first  and  sec- 
ond  epitaxial  layers; 
said  diffusion  area  is  of  said  second  conductiv- 
ity  type; 

30  and  that  an  offsetting  layer  (41)  containing  im- 
purities  of  said  second  conductivity  type  to  off- 
set  the  concentration  of  impurities  in  the  sur- 
face  of  said  substrate  is  provided  in  the  surface 
of  said  semiconductor  substrate  (23)  at  least 

35  below  said  first  island. 

2.  An  optical  semiconductor  device  according  to  claim 
1,  wherein  said  separating  area  (26)  extends  into 
said  semiconductor  substrate  (23),  exceeding  the 

40  distance  at  which  said  offsetting  layer  extends  into 
said  semiconductor  substrate  (23). 

3.  An  optical  semiconductor  device  having  a  photo  di- 
ode  (21)  and  a  transistor  (22)  comprising: 

45 
a  semiconductor  substrate  (23)  of  a  first  con- 
ductivity  type; 
a  first  epitaxial  layer  (24)  grown  on  a  surface  of 
said  semiconductor  substrate  (23); 

so  a  second  epitaxial  layer  (25)  grown  on  the  sur- 
face  of  said  first  epitaxial  layer  (24); 
a  separating  area  (26)  of  said  first  conductivity 
type  dividing  said  first  and  second  epitaxial  lay- 
ers  into  at  least  first  and  second  island  areas; 

55  a  diffusion  area  (31  )  in  the  surface  of  said  sec- 
ond  epitaxial  layer  (25)  of  said  first  island  area; 
a  buried  layer  (35)  of  said  second  conductivity 
type  at  the  interface  between  said  first  and  sec- 

5 
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ond  epitaxial  layers  in  said  second  island  area; 
a  collector  layer  (36)  of  said  second  conductiv- 
ity  type  in  said  second  island  area  extending 
from  the  surface  of  said  second  epitaxial  layer 
to  said  buried  layer  (35); 
a  base  area  (37)  of  said  first  conductivity  type 
in  the  surface  of  said  collector  layer  in  said  sec- 
ond  island  area; 
and  an  emitter  area  (38)  of  said  second  con- 
ductivity  type  in  the  surface  of  said  base  area; 10 

einer  Kollektorschicht  (36)  des  zweiten  Leitfa- 
higkeitstyps  in  dem  zweiten  Inselbereich,  die 
sich  von  der  Flache  der  zweiten  Epitaxieschicht 
zur  Versenkschicht  (35)  erstreckt, 
einem  Basisbereich  (37)  des  ersten  Leitfahig- 
keitstyps  in  der  Oberflache  der  Kollektorschicht 
in  dem  zweiten  Inselbereich, 
und  einem  Emitterbereich  (38)  des  zweiten 
Leitfahigkeitstyps  in  der  Flache  des  Basisbe- 
reichs, 

characterized  in  that dadurch  gekennzeichnet,  da!3 

said  first  and  second  epitaxial  layers  are  of  said 
first  conductivity  type; 
said  semiconductor  substrate  (23)  has  a  resis- 
tivity  of  40  to  60  ohm  •  cm; 
said  first  and  second  epitaxial  layers  (24,25) 
have  resistivities  of  more  than  200  ohm  •  cm; 
said  collector  layer  (36)  has  a  resistivity  of  less 
than  both  said  resistivities  of  said  first  and  sec- 
ond  epitaxial  layers; 
said  diffusion  area  is  of  said  second  conductiv- 
ity  type; 
and  that  an  offsetting  layer  (41)  containing  im- 
purities  of  said  second  conductivity  type  to  off- 
set  the  concentration  of  impurities  in  the  sur- 
face  of  said  substrate  is  provided  in  the  surface 
of  said  semiconductor  substrate  (23)  at  least 
below  said  first  island. 

Patentanspriiche 

1.  Optische  Halbleitervorrichtung  mit  einer  Fotodiode 
(21)  und  einem  Transistor  (22)  mit: 

einem  Halbleitersubstrat  (23)  eines  ersten  Leit- 
fahigkeitstyps, 
einer  ersten  Epitaxieschicht  (24)  eines  intrinsi- 
schen  Halbleitermaterials,  das  auf  der  Oberfla- 
che  des  Halbleitersubstrats  (23)  aufgewachsen 
ist, 
einer  zweiten  Epitaxieschicht  (25)  aus  intrinsi- 
schem  Halbleitermaterial,  das  auf  der  Oberfla- 
che  der  ersten  Epitaxieschicht  (24)  aufgewach- 
sen  ist, 
einem  Trennbereich  (26)  des  ersten  Leitfahig- 
keitstyps,  der  die  erste  und  die  zweite  Epitaxie- 
schicht  in  zumindest  erste  und  zweite  Inselbe- 
reiche  aufteilt, 
einem  Diffusionsbereich  (31)  in  der  Oberflache 
der  zweiten  Epitaxieschicht  (25)  des  ersten  In- 
selbereichs, 
einer  Versenkschicht  (35)  des  zweiten  Leitfa- 
higkeitstyps  an  der  Schnittflache  zwischen  der 
ersten  und  der  zweiten  Epitaxieschicht  in  dem 
zweiten  Inselbereich, 

das  Halbleitersubstrat  (23)  einen  spezifischen 
is  Widerstand  von  40  bis  60  Q  cm  aufweist, 

die  erste  und  die  zweite  Epitaxieschicht  (24,  25) 
spezifische  Widerstande  von  mehr  als  200  Q 
cm  aufweisen, 
die  Kollektorschicht  (36)  einen  spezifischen  Wi- 

20  derstand  von  weniger  als  sowohl  die  erste  als 
auch  die  zweite  Epitaxieschicht  aufweist, 
der  Diffusionsbereich  von  dem  zweiten  Leitfa- 
higkeitstyp  ist, 
und  dal3  eine  Offsetschicht  (41),  die  Storstoffe 

25  des  zweiten  Leitfahigkeitstyps  enthalt,  urn  die 
Konzentration  der  Storstoffe  in  der  Oberflache 
des  Substrates  auszugleichen,  in  der  Oberfla- 
che  des  Halbleitersubstrats  (23)  zumindest  un- 
terhalb  der  ersten  Insel  vorgesehen  ist. 

30 
2.  Optische  Halbleitervorrichtung  nach  Anspruch  1, 

wobei  der  Trennbereich  (26)  sich  in  das  Halbleiter- 
substrat  (23)  erstreckt  und  den  Abstand  uberschrei- 
tet,  in  dem  sich  die  Offsetschicht  in  das  Halbleiter- 

35  substrat  (23)  erstreckt. 

3.  Optische  Halbleitervorrichtung  mit  einer  Fotodiode 
(21)  und  einem  Transistor  (22)  mit: 

40  einem  Halbleitersubstrat  (23)  eines  ersten  Leit- 
fahigkeitstyps, 
einer  ersten  Epitaxieschicht  (24),  die  auf  der 
Oberflache  des  Halbleitersubstrats  (23)  aufge- 
wachsen  ist, 

45  einer  zweiten  Epitaxieschicht  (25),  die  auf  der 
Oberflache  der  ersten  Epitaxieschicht  (24)  auf- 
gewachsen  ist, 
einem  Trennbereich  (26)  des  ersten  Leitfahig- 
keitstyps,  der  die  erste  und  die  zweite  Epitaxie- 

50  schicht  in  zumindest  einen  ersten  und  einen 
zweiten  Inselbereich  aufteilt, 
einem  Diffusionsbereich  (31)  in  der  Oberflache 
der  zweiten  Epitaxieschicht  (25)  des  ersten  In- 
selbereichs, 

55  einer  Versenkschicht  (35)  des  zweiten  Leitfa- 
higkeitstyps  an  der  Schnittflache  zwischen  der 
ersten  und  der  zweiten  Epitaxieschicht  in  dem 
zweiten  Inselbereich, 

6 
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einer  Kollektorschicht  (36)  des  zweiten  Leitfa- 
higkeitstyps  in  dem  zweiten  Inselbereich,  die 
sich  von  der  Oberflache  der  zweiten  Epitaxie- 
schicht  zur  Versenkschicht  (35)  erstreckt, 
einem  Basisbereich  (37)  des  ersten  Leitfahig-  s 
keitstyps  in  der  Oberflache  der  Kollektorschicht 
in  dem  zweiten  Inselbereich, 
und  einem  Emitterbereich  (38)  des  zweiten 
Leitfahigkeitstyps  in  der  Oberflache  des  Basis- 
bereichs,  10 

dadurch  gekennzeichnet,  da!3 

re  et  seconde  couches  epitaxiales  dans  ladite 
seconde  zone  d'Tlot  ; 
une  couche  collectrice  (36)  dudit  second  type 
de  conductivity  dans  ladite  seconde  zone  d'Tlot 
s'etendant  de  la  surface  de  ladite  seconde  cou- 
che  epitaxiale  a  ladite  couche  enterree  (35)  ; 
une  zone  de  base  (37)  dudit  premier  type  de 
conductivity  dans  la  surface  de  ladite  couche 
collectrice  dans  ladite  seconde  zone  d'Tlot  ;  et 
une  zone  d'emetteur  (38)  dudit  second  type  de 
conductivity  dans  la  surface  de  ladite  zone  de 
base  ; 

die  erste  und  die  zweite  Epitaxieschicht  vom  er- 
sten  Leitfahigkeitstyp  sind,  15 
das  Halbleitersubstrat  (23)  einen  spezifischen 
Widerstand  von  40  bis  60  Q  cm  aufweist, 
die  erste  und  die  zweite  Epitaxieschicht  (24,  25) 
spezifische  Widerstande  von  mehr  als  200  Q 
cm  aufweisen,  20 
die  Kollektorschicht  (36)  einen  spezifischen  Wi- 
derstand  von  weniger  als  beide  spezifischen 
Widerstande  der  ersten  und  der  zweiten  epitak- 
tischen  Schicht  aufweist, 
der  Diffusionsbereich  von  dem  zweiten  Leitfa-  25 
higkeitstyp  ist  und  dal3  eine  Offsetschicht  (41), 
die  Storstoffe  des  zweiten  Leitfahigkeitstyps 
enthalt,  urn  die  Konzentration  von  Storstoffen 
in  der  Oberflache  des  Substrates  auszuglei- 
chen,  in  der  Oberflache  des  Halbleitersubstrats  30 
(23)  zumindest  unterhalb  der  ersten  Insel  vor- 
gesehen  ist. 

caracterise  en  ce  que 

ledit  substrat  semi-conducteur  (23)  a  une  resis- 
tivity  de  40  a  60  ohms.  cm  ; 
lesdites  premiere  et  seconde  couches  epitaxia- 
les  (24,  25)  ont  des  resistivites  superieures  a 
200  ohms.  cm  ; 
ladite  couche  collectrice  (36)  a  une  resistivity 
inferieure  auxdites  deux  resistivites  desdites 
premiere  et  seconde  couches  epitaxiales  ; 
ladite  zone  de  diffusion  est  dudit  second  type 
de  conductivity  ; 
et  en  ce  qu'une  couche  de  decalage  (41  )  con- 
tenant  des  impuretes  dudit  second  type  de  con- 
ductivity  pour  decaler  la  concentration  des  im- 
puretes  dans  la  surface  dudit  substrat  est  pre- 
vue  dans  la  surface  dudit  substrat  semi-con- 
ducteur  (23)  au  moins  en  dessous  dudit  pre- 
mier  Tlot. 

Revendications 

1  .  Dispositif  semi-conducteur  optique  comportant  une 
photodiode  (21)  et  un  transistor  (22)  comprenant  : 

un  substrat  semi-conducteur  (23)  d'un  premier 
type  de  conductivity  ; 
une  premiere  couche  epitaxiale  (24)  de  mate- 
riau  semi-conducteur  intrinseque  developpee 
sur  une  surface  dudit  substrat  semi-conducteur 
(23); 
une  seconde  couche  epitaxiale  (25)  de  mate- 
riau  semi-conducteur  intrinseque  developpee 
sur  la  surface  de  ladite  premiere  couche  epi- 
taxiale  (24)  ; 
une  zone  de  separation  (26)  dudit  premier  type 
de  conductivity  divisant  lesdites  premiere  et  se- 
conde  couches  epitaxiales  au  moins  en  pre- 
miere  et  seconde  zones  d'Tlots  ; 
une  zone  de  diffusion  (31)  dans  la  surface  de 
ladite  seconde  couche  epitaxiale  (25)  de  ladite 
premiere  zone  d'Tlot  ; 
une  couche  enterree  (35)  dudit  second  type  de 
conductivity  a  I'interface  entre  lesdites  premie- 

2.  Dispositif  semi-conducteur  optique  selon  la  reven- 
35  dication  1,  dans  lequel  ladite  zone  de  separation 

(26)  s'etend  dans  ledit  substrat  semi-conducteur 
(23),  depassant  la  distance  a  laquelle  ladite  couche 
de  decalage  s'etend  dans  ledit  substrat  semi-con- 
ducteur  (23). 

40 
3.  Dispositif  semi-conducteur  optique  comportant  une 

photodiode  (21)  et  un  transistor  (22)  comprenant  : 

un  substrat  semi-conducteur  (23)  d'un  premier 
45  type  de  conductivity  ; 

une  premiere  couche  epitaxiale  (24)  develop- 
pee  sur  une  surface  dudit  substrat  semi-con- 
ducteur  (23)  ; 
une  seconde  couche  epitaxiale  (25)  develop- 

so  pee  sur  la  surface  de  ladite  premiere  couche 
epitaxiale  (24)  ; 
une  zone  de  separation  (26)  dudit  premier  type 
de  conductivity  divisant  lesdites  premiere  et  se- 
conde  couches  epitaxiales  au  moins  en  pre- 

ss  miere  et  seconde  zones  d'Tlots  ; 
une  zone  de  diffusion  (31)  dans  la  surface  de 
ladite  seconde  couche  epitaxiale  (25)  de  ladite 
premiere  zone  d'Tlot  ; 

7 
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une  couche  enterree  (35)  dudit  second  type  de 
conductivity  a  I'interface  entre  lesdites  premie- 
re  et  seconde  couches  epitaxiales  dans  ladite 
seconde  zone  d'Tlot  ; 
une  couche  collectrice  (36)  dudit  second  type  s 
de  conductivity  dans  ladite  seconde  zone  d'Tlot 
s'etendant  de  la  surface  de  ladite  seconde  cou- 
che  epitaxiale  a  ladite  couche  enterree  (35)  ; 
une  zone  de  base  (37)  dudit  premier  type  de 
conductivity  dans  la  surface  de  ladite  couche  10 
collectrice  dans  ladite  seconde  zone  d'Tlot  ; 
et  une  zone  d'emetteur  (38)  dudit  second  type 
de  conductivity  dans  la  surface  de  ladite  zone 
de  base  ; 

15 
caracterise  en  ce  que 

lesdites  premiere  et  seconde  couches  epitaxia- 
les  sont  dudit  premier  type  de  conductivity  ; 
ledit  substrat  semi-conducteur  (23)  a  une  resis-  20 
tivite  de  10  a  60  ohms.  cm  ; 
lesdites  premiere  et  seconde  couches  epitaxia- 
les  (24,  25)  ont  des  resistivites  superieures  a 
200  ohms.  cm  ; 
ladite  couche  collectrice  (36)  a  une  resistivity  25 
inferieure  auxdites  deux  resistivites  desdites 
premiere  et  seconde  couches  epitaxiales  ; 
ladite  zone  de  diffusion  est  dudit  second  type 
de  conductivity  ; 
et  en  ce  qu'une  couche  de  decalage  (41  )  con-  30 
tenant  des  impuretes  dudit  second  type  de  con- 
ductivity  pour  decaler  la  concentration  des  im- 
puretes  dans  la  surface  dudit  substrat  est  pre- 
vue  dans  la  surface  dudit  substrat  semi-con- 
ducteur  (23)  au  moins  en  dessous  dudit  pre-  35 
mier  Tlot. 
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